Summary: Monoclonal antibody 303 (mAb 303) reacts with the high molecular weight agglutinin present in human saliva. Its reactivity is periodate sensitive, and it has been shown to recognize the Y epitope. Immunogold labeling of thin sections of human parotid and submandibular glands with mAb 303 showed reactivity in secretory granules of serous acinar, intercalated and striated duct cells (Takano et al., 1988) . We now report that the apical and basolateral membranes of salivary acinar and duct cells are labeled by mAb 303, but not myoepithelial cells, endothelial cells and other mesenchymal cells. Gold particles were confined to acinar and duct cell membranes even when myoepithelial cells were directly adjacent, suggesting that the epitope resides on a membrane glycoprotein and that the label does not represent secreted agglutinin bound to the cell surface. Although myoepithelial cells are thought to differentiate from epithelial stem cells, the present results indicate that substantial compositional differences exist between the membranes of myoepithelial cells and other salivary parenchymal cells. Earlier studies also showed that mAb 303 labels normal pancreatic acinar cells and certain salivary (pleomorphic adenoma) and mammary (lactating adenoma) tumors (Bogert et al., 1988). This antibody thus may be a useful reagent for characterizing the origin of exocrine gland-derived cell cultures and neoplastic cells. Further, localization studies may provide insight into the role of the Lewis blood group-related epitope in secretory cells.
The origin of myoepithelial cells (MECs) in the normal salivary glands is still under investigation. MECs are a prominent component of a number of neoplasms of developing epithelial cells. Therefore, MECs are thought to differentiate from epithelial stem cells. However, MECs resemble smooth muscle cells by electron microscopy and cytochemistry, and also are considered to have a contractile function. In developing hamster submandibular gland, four cell types can be recognized by electron microscopy in the terminal tubule at 131/2 days of gestation (Chaudhry et al., 1983) . One of these cell types represents the initial identifiable myoepithelial cell precursors. The cells of this type are distributed between the basal lamina and other cells of the terminal tubules. However, cytoplasmic filaments, which are the dominant characteristic of the myoepithelium could not be seen in their cytoplasm. Therefore, MECs are difficult to distinguish ultrastructurally from other epithelial stem cells during the early stages of gland differentiation. In early studies, MECs were identified by histochemical reactions, such as reactions for alkaline phosphatase (Dempsey et al., 1947 , Leeson, 1956 , Bogart, 1968, Garrett and Harrison, 1970), for adenosine triphosphatase (Shear, 1964, Nagashima and Ono, 1985) , or for TP-LFC Ball, 1979, Redman et al., 1980) , and also identified by early immunohistochemical studies (Archer and Kao, 1968, Line and Archer, 1972, Drenckhahn et a!., 1977). However, the results of these studies gave rise to considerable confusion in the literature, since MEC of different species react differently with these histochemical methods. Recently, immunohisto-or cytochemical methods frequently have been used to identify MECs. These methods are categorized according to the presenting part of the antigens, such as localization on the cell membrane (Mahendran et a!. , 1989) , in the cytosol and in cytoplasmic filaments. The cytoplasmic filaments are further classified as cytokeratins (Palmer et al., 1985 , Hori et al., 1985 , Sonnenberg et al., 1986 , Caselitz et al., 1986 ) and myofilaments (Kazantseva and Karelina, 1984 , Gugliotta et al., 1988 , Yoshihara et al., 1988 Tissues: Specimens of normal human parotid and submandibular glands were provided by Dr. A. Riva, University of Cagliari, Italy and were from the Surgical Pathology file of The Hospital of Nagasaki University School of Dentistry. Surgical specimens were fixed in 0.12% glutaraldehyde-1.007o paraformaldehyde and embedded in LR White resin. Additional specimens of normal human submandibular gland, obtained during surgery at the University of Pennsylvania Hospital, were fixed in either 1% glutaraldehyde or 407o parafoimaldehyde and embedded in LR White resin or EMbed. For light microscopic studies, specimens of normal human adult and fetal (about 20-week gestation) parotid and submandibular glands were preserved in the Laboratory of Oral Histology, Nagasaki University School of Dentistry. They were fixed in 10°7o neutral formalin and embedded in paraffin.
Immunolabeling Procedure: For electron microscopic studies, thin sections were collected on Formvar-coated nickel grids. The sections were treated with 1% bovine serum albumin (BSA) in phosphate-buffered saline (PBS) for 30 min, incubated in primary antibody (mAb 303) diluted in 0.02 M Tris HC1 buffer, pH 7.4, containing 0.5M NaC1 and 0.107o Tween 20, for 1 hr at room temperature, and rinsed in the same buffer. Sections incubated with the mAb 303 were then incubated with unlabeled secondary antibody (anti-mouse IgM) diluted in PBS for 1 hr at room temperature. The bound antibodies were visualized by incubation with protein A-gold (10 or 15 nm, Janssen Life Sciences Products) for 30 min at room temperature (modified from Roth et al., 1978 and Bendayan et al., 1980). The sections were thoroughly rinsed, stained with uranyl acetate and lead citrate, and examined in a Zeiss EM-10A or Hitachi H-800 transmission electron microscope.
For light microscopic studies, 4 pm sections of paraffin embedded tissue were placed on the glass slides and deparaffinized. The sections were rinsed with PBS, for 30 min, incubated in 0.3% hydrogen peroxide in 10007o methanol, for 20 min, rinsed with PBS, for 5 min each at three times. The sections were treated with 1% BSA in PBS, for 30 min, incubated in primary antibody (mAb 303) diluted in PBS, for 1 hr at room temperature, and rinsed in PBS, and incubated with secondary antibody (anti-mouse IgM), for 30 min, rinsed in PBS, and then incubated with 3rd antibody (anti-rabbit IgG), for 30 min, rinsed in PBS. Final visualization was achieved by using the PAP technique (DAKO-PAP-KIT, DAKO Co.). After the imrnunohistochemical incubation, the sections were counter stained with 1 07o methylene green solution.
Controls included substitution of pre-immune or non-immune immunoglobulin for primary antibody, and preabsorption of mAb 303 with an excess of purified agglutinin.
Results

Characterization of Antibodies:
The characterization of the mAb 303 used for immunolabeling was described by Takano et al. (1991) . On Western blots of human parotid saliva and purified agglutinin, mAb 303 stained a band with an approximate Mr of 400,000 Daltons. The inhibition of reactivity by sodium periodate treatment of the agglutinin suggested that mAb 303 recognized a carbohydrate epitope. Subsequent studies using known glycolipid standards showed that the antibody recognized the Y epitope (Fucal--> 2Gal pl--> 4G1cNAc(3 < --laFuc)pl-> 3). Isotyping revealed that mAb 303 is an IgM. Additional details may be found in Takano et al. (1991) .
Electron microscopic immunocytochemistry:
Immunolabeling for the agglutinin with mAb 303 was found frequently in secretory granules of acinar, intercalated duct and striated duct cells. The antibody also labeled the cell membranes of the luminal, lateral and basal surfaces of the same cells. The numerous microvilli like processes of these cells at the lumen, intercellular spaces and basal areas were also labeled with mAb 303 (Fig. 1-4) . Numerous gold particles were present on the surface of the interdigitating basal and lateral folds of the striated duct cells (Fig. 5) . On the contrary, the cell membranes of myoepithelial cells (MECs) did not label (Fig. 1-4) . The basal lamina and collagen fibers surrounding the epithelial parenchyma of the parotid and the submandibular glands also were unreactive with mAb 303 (Fig. 1-5) . Mesenchymal sells such as fibroblasts (Fig. 4 ) and endothelial cells ( Secretory granules of serous acinar cells of the parotid, and serous acinar and demilune cells of the submandibular glands were labeled strongly, but those of mucous cells of the submandibular gland were not labeled (Fig. 6) . The cell surfaces of the acinar , intercalated duct and striated duct cells were also labeled (Fig. 6) . No labeling of the MECs of either the parotid or submandibular glands occurred (Fig. 6, arrowhead) .
Observation of human fetal oral cavity (about 20-week gestation) with mAb 303:
The epithelium of the oral mucous membrane was labeled with mAb 303. Stratum spinosum of the epithelium of lip was labeled strongly and that of tongue was labeled weakly (Fig. 7a and 7b ). Strata basale of the both epithelia were completely unreactive with mAb 303 (Fig. 7) . In the developing submandibular gland, the main duct was composed of two cell layers, all of the cells were labeled with mAb 303 (Fig. 9a and 9b) . Small branched duct cells also reacted moderately with mAb 303 (Fig. 9 ). In the terminal portion, the terminal end buds could be distinguished on the basis of the labeling with mAb 303. Large terminal end buds displayed an organization of the cells which abutted on the lumen and appeared to have a pronounced reaction, and a basal layer of cells that were unreactive. In small terminar end buds, the labeling appeared strongest at the luminal surface and lateral membranes of the cells surrounding the lumen. No lableing of basal cells occurred ( Fig. 9c and 9d) . the labeling of developing fetal labial gland was apparently similar to that seen in the submandibular gland (Fig. 8b, 8c and 8d) . In sebaceous glands, the labeling appeared very weak (Fig.  8a) .
Discussion
Monoclonal antibody 303 reacts with the high molecular weight agglutinin found in human saliva, with specificity for the Y epitope present on one of its constituent oligosaccharide moieties (Takano et al., 1991) . Light and electron microscopic immunocytochemistry revealed, as expected, that the agglutinin is located in the secretory granules of serous acinar and demilune cells, and the cells of the intercalated and striated ducts. Immunogold labeling also showed that the antibody reacted with the luminal and basolateral membranes of the secretory and ductal cells, presumably due to the presence of a membrane glycoprotein containing the same epitope (Takano et al. , 1991) .
The present study has demonstrated that the plasma membranes of myoepithelial cells, a salivary gland cell type located on the parenchymal side of the basal lamina, apparently lack the Y epitope. No labeling of myoepithelial cells associated with acini or ducts, in either parotid or submandibular glands, was found with mAb 303. As discussed below, these findings may be related to the origin and/or the process of differentiation of myoepithelial cells in exocrine glands.
Exocrine glands form as growths of surface epithelium into the underlying developing connective tissue, eventually forming secretory endpieces and excretory ducts. Myoepithelial cells are generally believed to arise from undifferentiated stem cells ( In the epithelium of the human fetal oral mucosa, the cell surfaces of the stratum spinosum cells are strongly labeled by mAb 303, but the cells of the stratum basale are unlabeled. This observation implies that the antigen reactive with mAb 303 appears in the cell membranes of the stratum spinosum cells after their differentiation from the stratum basale. In the developing salivary glands of these same fetuses (about 20 weeks gestation), both ducts and endpieces can be distinguished. In the large ducts, consisting of two cell layers, all of the cells are reactive with mAb 303. In the small, branched distal ducts, the epithelium consists of a single cell layer, and some of the cells fail to label with mAb 303. In the terminal endpieces, a mAb 303-positive cell mass is located centrally, while unreactive cells are located peripherally. One interpretation of these observations is that the least differentiated cells, i.e. those cells comparable to the stratum basale cells, are present in the growing end of the developing gland. Additionally, the cells of the structures formed earlier, i.e. the larger ducts, have all completed at least the first stage in the process of cytodifferentiation , which appears to be associated with the acquisition of reactivity to mAb 303.
The unreactive cells in the small ducts and terminal endpieces appear similar in location and size to the undifferentiated (Type IV) cells described by Chaudhry et al. (1983) in the developing hamster submandibular gland. The lack of reactivity of the myoepithelial cells in the human salivary glands with mAb 303 suggests that they may be closely related to these unreactive cells , as well as to the stratum basale cells of the 20-week fetus. These observations also are consistent with the hypothesis that the myoepithelial cells are derived from the undifferentiated cells of the developing ducts and terminal endpieces.
Further studies are required to confirm the relationship of myoepithelial cells to the undifferentiated cells of the developing salivary glands. For example, do the distinguishing features of the myoepithelial cells, i.e. branching processes filled with actin filaments, first appear in cells which are unreactive with mAb 303, or in cells which already have begun differentiation (acquisition of reactivity with mAb 303) but subsequently lose this antigen in becoming mature myoepithelial cells? The antibody used in the present study may be a useful reagent for characterizing the origin and differentiation of these cells. 
